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(54) MULTIPLE OXIDE THIN FILM AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a stable multiple oxide thin film with 
improved properties by subjecting sealing treatment with an electrical insulating 
material to the porous surface or pinholes on a multiple oxide thin film formed on a 
substrate by hydrothermal synthesis. 

SOLUTION: First, an autoclave is charged with an aqueous solution of stock metal salt 
and a substrate followed by heating under pressure to carry out a hydrothermal synthesis 
and form a multiple oxide thin film 2 on the substrate 1 . In this case, the hydrothermal 
synthesis may be conducted in two stages, i.e., crystal nuclei formation and crystal 
growth, according as necessary, or may be conducted while vibrating the autoclave 
perpendicularly. Subsequently, the porous part and pinhole part among crystal grains on 
the multiple oxide thin film 2 is coated or impregnated with an organic or inorganic 
electrical insulating material to conduct a sealing treatment. Alternatively, when a metal 
is used as the substrate, the multiple oxide thin film is treated in an oxidative atmosphere 
to carry out the sealing treatment so as to form oxide coating film on the substrate 
metal-exposed part in the pinholes 3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim] 

[Claim 1] The manufacture technique of the multiple-oxide thin film characterized by performing a sealing to the porous side or 

pinhole of a multiple-oxide thin film formed by the hydrothermal crystallization method on the substrate. 

[Claim 2] Technique given in the claim 1 which carries out a sealing by the insulating material. 

[Claim 3] Technique given in the claim 2 whose insulating material is the resin or ceramic of a high dielectric constant. 

[Claim 4] Technique given in the claim 1 which performs the sealing which processes the multiple-oxide thin film formed by the 

hydrothermal crystallization method on the metal substrate under an oxidizing atmosphere, and forms an oxide coat in the metal 

outcrop within the pinhole of a multiple-oxide thin film. 

[Claim 5] The claim 1 whose multiple oxide is a ferroelectric, or technique given in either of 4. 

[Claim 6] The claim 1 which performs a sealing on the temperature conditions exceeding Curie temperature of a ferroelectric, or 
technique given in either of 5. 

[Claim 7] Technique given in the claim 4 which performs polarization processing fiirther after performing the sealing which 
processes a multiple-oxide thin film at the temperature more than Curie temperature under an oxidizing atmosphere, and forms an 
oxide coat in the metal outcrop within the pinhole of a multiple-oxide thin film. 

[Claim 8] The claim 1 which performs a hydrothermal synthesis in two phases of a crystal nucleation and a crystal growth, or 
technique given in either of 7. 

[Claim 9] The claim 1 which gives vibration in the perpendicular orientation at the time of a hydrothermal synthesis, or technique 
given in 8. 

[Claim 10] The multiple-oxide thin film obtained by the manufacture technique of a publication by the claim 1 or either of 9. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[The technical field to which invention belongs] this invention relates to a multiple-oxide thin film especially the multiple-oxide 

thin film by the hydrothermal crystallization method, and its manufacture technique. 

[0002] 

[Prior art] The sol-gel method using the sputtering method, the ion-plating method, the laser abrasion method, C VD, the 
MOCVD method, the alkoxide, etc. as the manufacture technique of a multiple-oxide thin film etc. is known. 
[0003] Among these, the large-sized equipment of a vacuum system is required of the technique fi-om the sputtering method to the 
MOCVD method. Moreover, in the structure top of equipment, for example, the fi-action used as the shadow of a target, **** 
does not advance or there are problems, like the speed becomes remarkably slow. Furthermore, generally the thin film obtained is 
several lOOnm or less in thickness, and it is not suitable for forming the thin film of mum order. 0. 1 when a thickness becomes 
uneven with some configuration of a substrate with a sol-gel method on the other hand When forming the layer beyond mum 
grade, the repeat of two coats and baking etc. may be needed and a crack may arise on the formed layer. 
[0004] Moreover, in order to obtain the layer of die composition made into the purpose by the technique using a vacuum system, 
a substrate must be maintained at an elevated temperature in many cases, and because of crystallization of a thin film, the elevated 
temperature needs to be calcinated also of the ********** method. Thus, each above-mentioned technique needs to heat a 
substrate in temperature of 500 degrees C or more in general at an elevated temperature and a concrete target. For this reason, the 
large-scale cooling system for forming a thin film directly on a weak material was required for a heating at high temperature like 
plastics, and enforcement was substantially difficult. Therefore, when composite-ization with an organic material was attained, the 
multiple-oxide thin film manufactured separately needed to be made to rival using adhesives etc., and complication of a 
manufacturing process was caused. 

[0005] The hydrothermal crystallization method is also known as the manufacture technique of a multiple-oxide thin film (for 
example, refer to publication-number 342489 [ four to ] official report). This is the technique of compounding on a substrate the 
multiple-oxide thin film which contains two or more aforementioned metals as a configuration element by holding a substrate 
under a pressurization condition in the aquosity solution which melted two or more metal salts, and heating at about 100-160 
degrees C. Since the thing for which-izing can be carried out [ **** ], and covering-power nature are good, without that 
polarization processing is fimdamentally unnecessary, various materials, especially a material weak to an elevated temperature 
using adhesives when using it as a piezoelectric device etc. according to the hydrothermal crystallization method, since the 
ferroelectric layer to which the polarization shaft was equal is obtained, it has the feature that it can **** also on the substrate of a 
complicated configuration. However, the layer obtained by the hydrothermal crystallization method has the problem the property 
is insufficient or are hard to be stabilized, when using as fiinctionality layers, such as a piezoelectric device. 
[0006] 

[Object of the Invention] Therefore, the technical probrem of this invention is to offer the method of manufacturing the 
multiple-oxide thin film by which the property was more stabilized on the basis of the hydrothermal crystallization method, and 
the multiple-oxide thin film by which the property by the technique was stabilized. 
[0007] 

[The means for solving a technical problem] About the cause by which the property of the multiple-oxide thin film by the 
hydrothermal crystallization method is not stabilized, it does not understand well. Since the density of the layer obtained by the 
hydrothermal crystallization method compared with the layer with which this invention persons are obtained by the sintering 
process was low (the density of PZT layer according to a hydrothermal crystallization method to, for example, 1.9% /of the 
densities of PZT layer by the sintering process being [ cm ] 3 is 3, Jpn. J.Appl.Phys.32 volume, and 4095-4098 pages 4.8g/cm), 
the instability of a property thought that it originated in membranous porous structure, and was examined in detail. Although the 
multiple-oxide thin film obtained by the hydrothermal crystallization method has porous structure according to the 
scanning-electron-microscope photograph, this is because it has the structure which the coarse crystal grain 2 deposited on the 
fi-ont face of a substrate 1 , as shown in a typical cross section at drawing 1 . Moreover, if a **** examination is performed in 
NaCl aqueous solution, a leakage current will be measured, and in the front face of a substrate 1 , it can check that the metal 
outcrop 3 (pinhole) which is not covered with crystal grain 2 remains. 

[0008] The cause which this invention persons' property of the multiple-oxide thin film by the hydrothermal crystallization 
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method is not stable thought whether was membranous insulation low to the whole, and would be stabilized by such presence of 
porous structure and a pinhole. Although raising an insulating property by enlarging membranous thickness as this cure is also 
considered, from the purpose of obtaining the thin layer with a sufficient property, it is not desirable. Then, it tried to carry out the 
sealing of a porous material fraction and the pinhole by the insulating material. Consequently, on (book specifications, these both 
processing is collectively called "sealing" by performing processing which embeds an insulating material at a porous material 
fraction and a pinhole, or performing processing which oxidizes the denudation metal of a pinhole fraction and forms an insulating 
coat. It finds out that the property of) and a multiple-oxide thin film improves, and may be stabilized, and came to complete this 
invention. 

[0009] That is, this invention offers the following thin-film-fabrication technique and the multiple-oxide thin fihn manufactured 
by this. 

(1) The manufacture technique of the multiple-oxide thin fihn characterized by performing a sealing to the porous side or pinhole 
of a multiple-oxide thin film formed by the hydrothermal crystallization method on the substrate. 

(2) Technique given in the above 1 which carries out a sealing by the insulating material. 

(3) Technique given in the above 2 whose insulating material is the resin or ceramic of a high dielectric constant (4) Technique 
given in the above 1 which performs the sealing which processes the multiple-oxide thin fihn formed by the hydrothermal 
crystallization method on the metal substrate under an oxidizing atmosphere, and forms an oxide coat in the metal outcrop within 
the pinhole of a multiple-oxide thin film, 

(5) The above I whose multiple oxide is a ferroelectric, or technique given in either of 4. 

(6) The above 1 which performs a sealing at the temperature exceeding Curie temperature of a ferroelectric, or technique given in 
either of 5. 

(7) Technique given in the above 4 which performs polarization processing further after performing the sealing which processes a 
multiple-oxide thin film at the temperature more than Curie temperature under an oxidizing atmosphere, and forms an oxide coat 
in the metal outcrop within the pinhole of a multiple-oxide thin film. 

(8) The above 1 which performs a hydrothermal synthesis in two phases of a crystal nucleation and a crystal growth, or technique 
given in either of 7. 

(9) Technique the above 1 which gives vibration in the perpendicular orientafion at the time of a hydrothermal synthesis, or given 
in 8. 

(10) The multiple-oxide thin fikn obtained by the manufacture technique the above 1 or given in either of 9. 
[0010] 

[Gestalt of implementation of invention] After the thin-film-fabrication technique of this invention forms a compound 
metallic-oxide thin fihn by the hydrothermal synthesis on a substrate, it is characterized by carrying out the sealing of the porous 
material fraction and pinhole of a thin film with an insulator. 

(I) A compound metallic-oxide thin film compound metallic-oxide thin film will not be limited especially if a hydrothermal 
synthesis may be carried out. The multiple oxide of the perovskite (AB03) structure which contains three elements, Pb, Zr, and 
Ti, known as PZT as an example of such a multiple oxide is mentioned. The multiple oxide which replaces A site (PZT Pb) by 
one sort or two sorts or more of elements chosen from Ba, calcium, Sr, La, or Bi, and comes to replace B site (PZT Zr or Ti) by 
one sort or two sorts or more of elements chosen from Zn, nickel, Mg, Co, W, Nb, Sb, Ta, or Fe is also used suitably. 
Composite-like [ a substitute ]. As an example of such a multiple oxide, Pb(Mgl / 3 Nb 2/3) 03, Pb(nickell / 3 Ta 2/3) 03 and 
Pb(nickell / 3 Nb 2/3) 03, Pb(Znl / 3 Ta 2/3) 03, Pb(Znl / 3 Nb 2/3) 03, Pb(nickell / 3 Nb 2/3) 03, and Pb(Fes 1/2W 1/2) 03 
A grade or the multiple oxide of these one or more sorts and PZTs is mentioned. Although the thickness of a thin film is based 
also on the pxarpose of use, it is usually 50nm - about 50 micrometers. 

[001 1] A substrate just bears the heating pressurization conditions at the time of a hydrothermal synthesis. Specifically, 
heat-resistant organic materials, such as ceramicss, such as metals, such as stainless steel, iron, aluminum, titanium, and lead, or 
an alloy, an alumina, and a titania, and a fluororesin, and a polyimide, are mentioned. The complex of these materials is sufficient. 
In order to raise the junction nature of a multiple-oxide thin film and a substrate, it is desirable to make at least one kind of 
metallic element component exist in a substrate front face by a precipitation or application among the configuration elements of 
the multiple oxide which is going to carry out a hydrothermal synthesis. 

[0012] (II) A hydrothermal-synthesis hydrothermal synthesis is performed according to known technique. Typical operating 
procedure is as follows. 

( 1 ) Carry out lysis or the Sitting solution of various kinds of metal salts which serve as a raw material first to water in the 
manufacture hydrothermal crystallization method of the raw material aqueous solution. The metal salt to use is the combination of 
the metal cation which is the configuration element of the multiple oxide which it is going to compoxmd, and a suitable anion. 
Generally, organic acid chloride, such as inorganic- acid salts, such as a nitrate, a sulfate, a chloride, a hypochlorite, a chlorite, and 
a chlorate, acetate, and an oxalate, is used. As for mineral salt concentrafion, about [ 0.05-5.0 mol/1. ] is desirable about each 
compound. If concentration is too low, the luminous efficacy of layer formation will fall. If concentration is too high, mineral salt 
concentration will be saturated, a raw material cannot adjust uniformly, but membranous yield falls or the thing of uniform 
membraneous quality and thickness is hard to be obtained. pH is an important factor and is decided by the multiple oxide which it 
is going to compound. Usually, it adjusts to an alkaline field using a sodium hydroxide, an ammonium hydroxide, a potassium 
hydroxide, etc. 

[0013] (2) Charge an autoclave with the above-mentioned raw material aqueous solution and an above-menfioned substrate, heat 
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thelh under pressurization, and a hydrothermal-synthesis hydrothermal synthesis performs them. By pressurizing and heating, 
under an ordinary temperature ordinary pressure, the matter which seldom melts into water melts, a reaction rate increases, and 
crystal growth is promoted. Although heating temperature is based also on the modality of metal salt used as a raw material, it is 
usually 1 10-180 degrees C. By making a crystal separate by such temperature requirement, the thin film to which the polarization 
shaft was equal can be obtained. Pressurization is also simultaneously performed by heating in an airtight container (autoclave). 
Generally, although autoclave internal pressure is decided with temperature, you may pressurize it positively. The pressure of 
about 1.4-10.3 normal atmosphere is desirable. 

[0014] It may divide into two phases of a crystal nucleation and a crystal growth, and a hydrothermal synthesis may be performed 
(publication number 342489 [ four to ]). Moreover, you may perform a hydrothermal synthesis, vibrating an autoclave in the 
perpendicular orientation (the gravity orientation). By adding vibration, it is a large area and the multiple-oxide thin film with 
uniform thickness can be manufactured stably (Japanese-Patent- Application-No. 8-77044 number). IHz or more of the 
frequencies of vibration is preferably set to 3Hz - 30Hz. In less than IHz, the effect is not folly demonstrated. The homogeneity of 
a thin film falls on the contrary - if oscillation frequency becomes high, when an effect will be saturated, the gas in an autoclave 
serves as the foam and adheres on a substrate. What is necessary is to establish a movable stage or a **** means up and down 
into an oil bath or an electric furnace, to **** an autoclave to this and just to add vertical movement to it by the electric motor or 
the pneumatic motor, in order to perform heating, pressurization, and vibration simultaneously. 

[001 5] (III) In the sealing this invention by the insulator, the sealing of the front face of the substrate-compound metallic-oxide 
layered product by which the hydrothermal synthesis was carried out is carried out. A sealing is (a). How to carry out processing 
which buries the porous material fraction and pinhole of a multiple-oxide thin film with an insulator using insulating materials, 
such as a resin and a ceramic Or when using a metal for (b) substrate, after forming a compound metallic-oxide thin film, A 
substrate-multiple-oxide layered product can be put on the bottom of the high-temperature-oxidation nature ambient atmosphere, 
and either of the technique which covering by the thin film is not carried out, or forms an insulating oxide coat in the pinhole 
fraction with inadequate covering can perform. 

[0016] (a) Carry out the sealing of the void fraction between the crystal grain in a multiple-oxide thin film (a porous fraction and 
pinhole fraction) with an insulator 4 in the processing this gentleman method by the insulator (refer to drawing 2 ). This 
processing is not limited especially that what is necessary is to be able to apply or impregnate an insulator or its precursor as a 
good liquefied object of the wettability with a hydrothermal synthetic membrane, and just to be able to form a stable solid 
insulator at a room temperature after xeransis, a reaction, or baking. Any of an organic system and an inorganic system are 
sufficient as the insulating material used for processing, or its precursor. 

[0017] As an organic system material, a vinyl chloride, polyethylene, polypropylene, a polycarbonate, a polyamide, a polyimide, 
an epoxy resin, phenol resin, a urea-resin, acrylic resin, a polyacetal, a poly-ape phon, a liquid crystal polymer, PEEK (polyether 
ether ketone), etc. are mentioned, for example. Moreover, as an inorganic system material, ceramic precursors, such as the 
ceramic-coating material and metal alkoxide which used materials, such as an alumina, a zirconia, a silica, and a titania, as the 
base, and polysilazane, etc. are mentioned. 

[0018] It melts in remaining as it is or the solvent chosen according to the modality of resin, and by spin coating, spray coating, 
the dipping, etc, in the case of an organic system material (resin), the front face of a substrate-multiple-oxide layered product is 
covered with a solution, and it carries out xeransis or reaction solidification. The amount of the resin used used for processing is 2 
Im of substrates, although based also on the modality. What is necessary is just to use about [ 0.09-21 g ] more preferably 
0.004-1 lOg of hits. If there is too little amount of the resin used, the effect of sealing will not fiilly appear. When there is too much 
amount of the resin used, the result which prepares a still thick resin layer on a hydrothermal synthetic membrane is brought, and 
there is a possibility of doing bad influences, such as a flexible fall of a substrate-hydrothermal synthetic membrane and a fall of 
the electrostatic capacity of a hydrothermal synthetic membrane. Usually, the neglect air dried of after processing is carried out as 
it is, or a request performs it by heating to the temperature below the curie temperature of a ferroelectric layer (PZT layer 
300-350 degrees C). 

[001 9] After an inorganic system material applies and blows the precursor of a ceramic-coating material or a ceramic upon the 
front face of a hydrothermal synthetic membrane by the general technique and carries out an impregnation etc., it is usually heated 
at the temperature below the curie temperature of an about 70-350-degree C ferroelectric layer, and makes an insulating metallic 
oxide etc. decompose and separate. If heating temperature is too low, decomposition will not progress, hi the case of a 
ferroelectric, when Curie temperature exceeds [ heat-treatment temperature ], polarization processing is needed anew after 
processing. The amount of covering should just be a grade which is sufficient for stopping the hole section of the multiple-oxide 
layer by the hydrothermal synthesis. Usually, substrate lm2 It hits. It is enough if an about [ 0.2-41g ] sealing agent (at the time of 
solidification) is used. 

[0020] (b) An oxidation-treatment this gentleman method is the technique of applying, when a multiple-oxide layer is formed in a 
substrate using a metal, and make an oxide film 5 form in the metal outcrop (pinhole) 3 of substrate 1 front face by what the 
substrate in which the multiple-oxide layer was formed is set for under an oxidizing atmosphere ( drawing3 ). The thing for 
which the substrate in which the hydrothermal synthetic membrane was formed is held to an elevated temperature among oxygen 
inclusion gas, or the oxidizing quality aqueous solution performs oxidation treatment. As for oxygen inclusion gas, oxygen, air, 
etc. are used. Although especially processing temperature is not limited, when the compound oxide film by the hydrothermal 
synthesis is a ferroelectric, it is processed at the temperature which does not usually exceed the Curie temperature. However, in 
the case of a ferroelectric, you may process processing temperature at the elevated temperature which exceeds Curie temperature 
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positively. By carrying out high-temperature-oxidation processing, there is an advantage which a strong oxide fikn can form for a 
short time, hi this case, the ferroelectric thin film which has a highly efficient polarization property can be obtained by performing 
polarization processing anew, hi addition, polarization processing is at the temperature of about 1 5-200 degrees C. It can carry 
out by maintaining a substrate about 20 to 200 minutes under the 1 .5-7kV [/mm ] direct-current electric field. 
[0021] Oxidation-treatment time is performed over about 1 - 8 hours, when processing at the about temperature exceeding Curie 
temperature, for example, 200 degrees C, although based on processing temperature. Moreover, when processing at the 
temperature exceeding Curie temperature, for example, 500 degrees C, it carries out over about 1 - 60 minutes, hito aquosity 
solutions, such as a sulturic acid, a nitric acid, a hydrochloric acid, and an acetic acid, processing in the oxidizing quality aqueous 
solution is immersed, and performs a substrate. Usually, a voltage required to advance oxidation treatment is impressed using a 
reference electrode like Ag/AgCl. In addition, it describes above in this invention. The above-mentioned (a) after performing 
metal oxidation treatment of the pinhole fraction of (b) The sealing by the resin etc. can also be performed further 
[0022] 

[Example] Hereafter, although an example is given and explained, this invention is not limited to the following example. 
The Teflon lining autoclave container with example 1 diameter of 7cm was charged with 30ml of the mixed aqueous solutions 
containing Ti substrate with a thickness [ which used and washed the acetone ] of 50 micrometers (10mmx30mm) and Pb 
(N03)2 (10.00 millimole), ZrOC12, and (4.8 millimole) KOH (136.8 millimole). The aforementioned autoclave was immersed 
into the silicone oil, and hydrothermal-synthesis processing was performed over 48 hours at 1 50 degrees C, making synthetic 
liquid agitate. 

[0023] The substrate was taken out, and it cleaned ultrasonically with distilled water, and was made to fiilly dry after a 
hydrothermal synthesis. When the front face and the cross section were observed under the microscope, it has checked that porous 
PZT layer with a thickness of about 10 micrometers was formed. Then, the liquid which diluted the Nylon (the die amide XI 874, 
product made from die cell ********) 5 ^[^^^^ melted at 50 degrees C was uniformly applied to the whole surface or the 

sealing side of a substrate which has the aforementioned hydrothermal synthetic membrane by the spin coating method, and the 
xeransis for 80 degrees C and 30 minutes was performed in the atmospheric air. When the cross section was observed, it has 
checked that it was changeless to the PZT thickness itself, the resin trespassed upon the interior of a void, and sealing had 
advanced. 

[0024] Thus, after having used ion spatter equipment for the formed whole surface or the sealing side and forming Pt electrode in 
it in RF spatter, ceramic scissors cut the edge and Ti substrate and Pt inter-electrode insulation resistance were measured. By ten 
measurement, it is 9.2 M omega and an average of insulation resistance is the standard deviation. It was 0.85 Mohm. 
[0025] After carrying out the hydrothermal synthesis of the PZT layer on Ti substrate completely like example 2 example I , this 
was held at 250 degrees C in the atmospheric air for 5 hours, and the oxide film was formed on the pinhole. Thus, on the formed 
substrate-compound oxide-fihn layered product, ion spatter equipment was used, Pt electrode was formed in RF spatter, and Ti 
substrate and Pt inter-electrode insulation resistance were measured. It is an average of insulation resistance by ten measurement. 
It was 6. 1 M omega and the standard deviation was 0.5 1 M omega. 

[0026] After carrying out the hydrothermal synthesis of the PZT layer on Ti substrate completely like example 3 example 1 , this 
was held at 500 degrees C for 10 minutes all over atmospheric-air kiln, and the oxide film was formed and blocked on the 
pinhole. Thus, on the formed substrate-compound oxide-fihn layered product, ion spatter equipment was used, Pt electrode was 
formed in RF spatter, in the 120-degree C silicone oil, the 3k V [/mm ] direct-current electric field were added'to inter-electrode 
this ], it held for 2 hours, and polarization was performed. Subsequently, Ti substrate and Pt inter-electrode insulation resistance 
were measured like the example 2. The average of insulation resistance was 6.2 M omega in ten measurement, and the standard 
deviation was 0.49 M omega. 

[0027] The hydrothermal synthesis of the PZT layer was carried out on Ti substrate completely like example 4 example 1 . this ~ 
30 degrees C - H2 S04 of 0.5 M it dips in a solution and Ag/AgCl is used as a reference electrode - it held in 1 .5 V for I hour, 
and the oxide fihn was formed and blocked on the pinhole Subsequently, Ti substrate and Pt inter-electrode insulation resistance 
were measured like the example 2. The average of insulation resistance was 5.8 M omega in ten measurement, and the standard 
deviation was 0.53 M omega. 

[0028] Except not carrying out example of comparison 1 sealing, with the same procedure as an example 1 , Pt electrode was 
formed on the* hydrothermal synthetic membrane, and Ti substrate and Pt inter-electrode insulation resistance were measured. The 
average of insulation resistance was 4.4 M omega in ten measurement, and the standard deviation was 1 .24 M omega. By the 
multiple-oxide layer which carried out the sealing by this invention, the result of the examples 1-4 and the example 1 of a 
comparison shows that the stability of resistance is improved greatly, while insulation resistance is improved. 
[0029] The Teflon lining autoclave container with example 5 diameter of 7cm was charged with 360ml of the mixed aqueous 
solutions containing Ti substrate with a thickness [ which used and washed the acetone ] of 50 micrometers (50mmx50mm) and 
Pb (N03)2 (120 millimole), ZrOC12, and (58.3 millimole) KOH (1642 millimole). On the other hand, the silicone oil is put in in 
the stainless steel tub equipped with the movable stage for autoclave installation, a movable stage is equipped after sealing the 
aforementioned autoclave, and the crystalline nucleus was made to generate over 48 hours at 1 50 degrees C, vibrating gravity and 
a parallel direction above 3Hz. 

[0030] When the substrate was taken out and distilled water and the acetone performed ultrasonic cleaning, the homogeneous 
layer was formed by the crystalline substance of titanic-acid lead zirconate or lead zirconate on the substrate. 1 20 degrees C of 
hydrothermal-synthesis processings were performed for 48 hours, charging with this in an autoclave again and vibrating it above 
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3H^ in the gravity orientation with 360ml of the mixed aqueous solutions containing Pb(N03) 2 (1 19 millimole), ZrOC12, TiC14, 
and (53.9 millimole) KOH (787.2 millimole). After the hydrothermal synthesis, when the substrate was taken out and cleaned 
ultrasonically and it measured by cross-section observation with the metaloscope after xeransis, it was observed that the 
titanic- acid lead zirconate (PZT) crystal has separated uniformly at the table and rear face of a titanium substrate. Then, the liquid 
which diluted polysilazane (PHPS-2, TONEN CORP. make) with the xylene about 5 times was uniformly applied by the spin 
coating method, and xeransis of about 80 degrees C and 1 hour was performed in the atmospheric air. hi order to perform pinhole 
evaluation of this substrate, NaCl aqueous solution was used and the **** examination was performed, the leakage current when 
coming out of direct-current-voltage lOV, and applying for 30 seconds in Ti substrate-Pt inter-electrode, was measured with the 
ammeter ten measurement -- a leakage current - an average of 0.002 ~ mA/cm2 it is - the standard deviation -- 0.001 5mA/cm2 
it was . 

[0031] Except not carrying out example of comparison 2 sealing, with the same procedure as an example 5, the hydrothermal 
synthetic membrane was formed and pinhole evaluation was performed, ten measurement ~ a leakage current -- average 
8.5mA/cm2 it is - the standard deviation - 2. 1 mA/cm2 it was . By the multiple-oxide layer which carried out the sealing by this 
invention, the resuU of the example 5 and the example 2 of a comparison shows that the stability is also remarkable, while 
insulation is improved. 
[0032] 

[Effect of the invention] The substrate of various modalities and a configuration can be used for this invention, and it offers the 
multiple-oxide thin fihn by the improving method and its technique of the multiple-oxide thin film fabrication by the hydrothermal 
crystallization method from which a desired thickness is obtained. The instability of the property which was the practical big 
trouble of a hydrothermal synthetic membrane was canceled by the technique of this invention which embeds an insulating 
material at a membranous porous material fraction and a membranous pinhole using a resin or a ceramic precursor solution, or 
carries out the high temperature oxidation of the denudation metal of a pinhole fraction, and forms an insulating oxide coat. 
According to the technique of this invention, without operation being easy and applying a cost, the application as an actuator 
which the insulation on the front face of a layer has been improved notably, for example, reduced power consumption when a 
hydrothermal synthetic membrane was a ferroelectric is possible, or in using for sensors, such as an acceleration sensor, detection 
sensitivity improves. For this reason, the multiple-oxide thin film of this invention can be used for various composite material, 
such as piezoelectric devices, such as for example, a piezo-electric monochrome morph and a piezo-electric bimorph, a 
laminating type electrostrictive actuator, and a laminating type capacitor. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely, 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[An easy explanation of a drawing] 

[ Drawing 1 ] The typical cross section of the substrate-hydrothermal synthetic membrane by the conventional method. 

[ Drawing 2 ] The typical cross section of the substrate-hydrothermal synthetic membrane which carried out the sealing with the 

insulator by this invention. 

[ Drawing 3 ] The typical cross section of a substrate-hydrothermal synthetic membrane which oxidized the metal of a pinhole 
fraction by this invention. 
[An explanation of a sign] 

1 Substrate 

2 Crystal Grain 

3 Pinhole 

4 Insulator 

5 Oxide Film 
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